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Description 

The present invention relates to prinnerless silicone hardcoat compositions comprising an aqueous/organic solvent 
silicone dispersion consisting essentially of colloidal silica, and a partial condensate of an organoalkoxysilane, in com- 

5 binat ion with an effective amount of an adhesion promoter in the form of a caprolactone based polyester polyol. 

Prior to the present invention, as shown by Patel, U.S. Patent 5,041 ,31 3, silicone hardcoat composites were made 
by initially priming a themnoplastic substrate, such as a polycarbonate substrate, with a solution of a polyacrylic resin 
in a solvent blend, followed by the application of a silicone hardcoat composition. European patent application 
0439294AI suggests that priming a thermoplastic substrate prior to the application of the silicone hardcoat is not nec- 

10 essary rf a monomeric hydroxy acrylate such as 2-hydroxy ethyl methacrytate is added to the hardcoat mixture before 
it is thermally cured. However, the use of hydroxy acrylates in coating compositions has sometimes been restricted 
because of their toxicity, as taught in Chung, U.S. Patent 4,486,504. 

EP-A-0 305700 discloses a coating composition comprising colloidal silica, a partial condensate of an organoalkox- 
ysilane and a copolymer of ethylenically unsaturated monomers. 

15 In copendingapplication EP-A-05701 65, tt was found that an acrylated or methacrylated polyurethane, or an acrylic 

polyol copolymer, having '^n (number average molecular weight) of at least 1000 could be used as an adhesion pro- 
moter in the aqueous/organic solvent silicone dispersion. The term "aqueous/organic solvent silicone dispersion" 
means a dispersion consisting essentially of colloidal silica and the partial condensate of an organoalkoxysilane as 
defined in more detail hereinafter. The resulting silicone hardcoat compositions can be applied directly onto a variety 

20 of unprlmed thermoplastic substrates, such as a polycarbonate substrate, followed by a thermal cure to provide ther- 
moplastic composKes exhibiting improved adhesion and weathering resistance. 

Summary of the Invention 

25 The present invention is based on the discovery that a caprolactone based polyester polyol, such as a caprolactone 

based polyester diol or triol, can be used as adhesion promoters for a heat curable colloidal silica filled 
organopolysiloxane . The resulting heat curable organopotysiloxane composition can be used directly on an unprinned 
polycarbonate surface to provide an abrasion and weather resistant polycarbonate substrate. The treated polycar- 
bonate substrate also exhibits an excellent cross hatch adhesion value after an extended period of water immersion 

30 B\65°C. 

Statement of the Invention 

There is provided by the present invention, a heat curable primerless silicone hardcoat composition comprising 
3S by weight, 

(A) 100 parts of an aqueous/organic solvent silicone dispersion having 10-50% by weight of solids and consisting 
essentially of 10-70% by weight of colloidal silica and 30-90% by weight of a partial condensate of an organoalkox- 
ysilane, and 

40 (B) 1 to 10 parts, and preferably 1 to 5 parts, of a caprolactone based polyester polyol. 

Organoalkoxysilanes which can be used in the preparation of the aqueous/organic solvent dispersion of the heat 
curable primerless silicone hardcoat compositions of the present invention are included within the formula, 

(R)eSi(OR')4.3 (1) 

where R is a C(i^j monovalent hydrocarbon radical and preferably a C(i.4j alkyi radical. is an R or a hydrogen 
radical and a is a whole number equal to 0 to 2 inclusive. Preferably, the organoalkoxysilane included within fornnula 

50 (1 ) is methyltrimethoxysilane, methyltrihydroxysilane. or a mixture thereof which can form a partial condensate. 

Some of the aqueous/organic solvent dispersions of colloidal silica which can be used in the practice of the present 
invention are shown by Clark, U.S. Patent 3,986,997. These aqueous/organic solvent dispersions can be prepared by 
adding a trial koxysilane, such as methyltrimethoxysilane to a commercially available aqueous dispersion of colloidal 
silica such as Ludox HS of the E.l.duPont de Nemours and Company and Naico 1034A of the Naico Chemical Co. of 

55 Naperville, IL, which has been treated with glacial acetic acid to adjust the pH, After the addition of the methyltrimeth- 
oxysilane, the resulting acidified dispersion is allowed to stand for about 1 hour until the pH is stabilized at about 4,5. 
The resulting compositions can be aged for several days to insure formation of the partial condensate of methyltri- 
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methoxysitane and the silica methanol-water dispersion. Another source of a dispersion of colloida) silica is shown by 
Ubersax, U.S. Patent 4,177,315 which utilizes a colloidal silica dispersion such as Ludox HS resulting from the hydrol- 
ysis of tetraethylorthosiiicate by the addition of aliphatic alcohol and an acid. One of the preferred aqueous/organic 
solvent dispersions of colloidal silica can be made by initially mixing methyltrimethoxysilane and acetic acid thereafter 
s adding Ludox. AS -40, the colloidal silica of the aforementioned Ubersax patent along with deionized water. The resulting 
mixture can then be agitated for 16 hours or more under ambient conditions during which time a suitable alcohol, such 
as isopropanol or butanol can be added. Additional organotrialkoxysilanes included within formula (1) are for example. 

tetraethoxysitane, 

ethyltriethoxysiiane. 
10 diethyldiethoxysilane, 

tetramethoxysllane, . 

methyltrimethoxysilane, and 

dimethyldimethoxysilane. 

In the practice of the present invention, the heat curable primerless silicone hardcoat compositions can be made 
IS by combining the caprolactone based polyester polyol, or adhesion promoter, with the aqueous/organic solvent silicone 
dispersion consisting essentially of organoaikoxysilane. colloidal silica and sufficient alcohol. Additional silicone dis- 
persions which can be used with the adhesion promoter are shown by U.S. Patents, 3,986,997, 4,624,870, 4,680,232 
and 4.914.143. 

UV (ultraviolet light) light absorbing agents which are described by Ashby et al, U.S. Patents 4,278,804, 4,374,674, 
20 and 4,419.405, Frye, U.S. Patent 4,299,746 and by Anthony. U.S. Patents 4,495,360 and 4,525.426 can be incorpo- 
rated. UV absorbers such as those of hydroxy benzophenone and benzotriazole serves as well as the triazine. cy- 
anoacrylates and benzylidene malonates. Other additives such as free radical initiators, hindered amine light stabilizers, 
antioxidants, dye. flow modifiers and leveling agents or surface lubricants can bs used. Other colloidal metal oxides 
can be present at up to about 1 0% by weight of the aqueous/organic solvent dispersion with colloidal silica and include 
25 metal oxides such as, antimony oxide, cerium oxide, aluminum oxide and titanium dioxide. Preferred UV absorbers 
are the ones which coreact with siianes and is less likely to volatalize during the heat cure. Prefen'ed compounds are 
4[gamma-(trimethoxysiiyl)propoxy]-2,hydroxybenzophenone, 4[gamma-(triethoxysilyl)propoxy-2,hydroxybenzophe- 
none or their mixtrures. UV absorbers can be used as 2 to 20 wt. % level. 

Among the caprolactone based polyester polyols are Tone®Polyols, which are commercially available from the 
30 Union Carbide Chemicals and Plastic Company, Inc., Danbury Conn. These polyester polyols are provided as difunc- 
tional or trif unctional materials. Typical properties are as follows: 



Table 1 



35 


Difunctiona! 


Average 


Hydroxy No., mg 


Melting Point 


Viscosity at55°C, 


Special Gravity, 




Molecular 


KOH/g 


Range.'*C 


CP 


55/20'*C 






Weight 












Tone 0200 


530 


212 


30 to 40 


88 


1.073 




Potyol 












40 


Tone 0201 


530 


212 


<0 to 40 


65 


1.072 




Polyol 














Tone 0210 


830 


133 


35 to 45 


167 


1.072 




Polyol 














Tone 0221 


1000 


112 


28 to 40 


155 


1.072 


45 


Polyol 














Tone 2221 


1000 


212 


<0 to 22 


175 


1.072 




Polyol 














Tone 0230 


1250 


90 


40 to 50 


284 


1.071 


50 


Polyol 














Tone 0240 


2000 


56 


45 to 55 


635 


1.071 




Polyol 














Tone 0240 HP 


2000 


56 


45 to 55 


635 


1.071 




Polyol 












55 


Tone 0241 


2000 


56 


43 to 55 


444 


1.071 




Polyol 
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Table 1 (continued) 





Dtfunctional 


Average 


Hydroxy No., mg 


Melting Point 


Viscosity at SS^C, 


Special Gravity, 






Molecular 


KOH/g 


Range,**C 


CP 


55/20*0 


5 




Weight 












Tone 1240 


2000 


54 


52 to 62 


615 


1.071 




Polyol 














Tone 2241 


2000 


56 


40 to 53 


582 


1.071 




Potyol 












10 


Tone 0260 


3000 


37 


50 to 60 


1490 


1.070 




Polyol 














Tone 3260 


3000 


37 


53 to 64 


1241 


1.070 




Polyol 












IS 


Trifunctional 




Tone 0301 


300 


560 


<0 


225 


1.084 




. Polyol 














Tone 1 303 


425 


396 


<0 


200 


1.078 




Polyol 












20 


Tone 0305 


540 


312 


15 to 20 


200 


1.072 




Polyol 














Tone 0310 


900 


187 


27 to 32 


270 


1.073 




Polyol 












2S 


All Tone Potyols have a maximum acid number of 0.25 mg KOH/g polyol. a maximum water content ot 0.03%. 




and a maximum melt color of 100 on the platinum-cobalt scale. 







Organic solvents which can be used to make the aqueous/organic solvent silicone dispersion are preferably C^^^^ 
alkanol. such as methanol, ethanol, propanol, isopropanol, butanot; glycols and glycol ethers, such as propylehegly- 
30 coimethyl ether and mixtures thereof. 

The silicone hardcoat compositions can be catalyzed with a tetrabutylammonium carboxylate catalyst, such as 
tetra-n-butylammonium acetate (TBAA) and tetra-n-butylammonium fomiate to reduce the top coat cure time as shown 
in U.S. Patent 4,853,520. 

Thermoplastic substrates which can be used in the practice of the present invention to make silicone hardcoat- 
35 aromatic thermoplastic substrate composites are preferably aromatic polycarbonates, such as Lexan polycarbonate 
of the General Electric Company. In addition, other aromatic thermoplastic substrates also can be used, such as blends 
of polyphenylene ether and polystyrene, polyetherimides. polyesters and polysulfones. 

The coating composition can be applied onto the aromatic thermoplastic substrate by anyone of the well known 
methods such as spraying, dipping and roll coating. It can be cured themnally at 130*0 for 30 to 90 minutes, or by the 
40 use of infrared or microwave energy. 

Composites made in accordance with the present Invention can be used in applications, such as windshields, lamp 
envelopes and safety glasses. 

In order that those skilled in the art will be better able to practice the present invention, the following example are 
given by way of illustration and not by way of limitation. All parts are by weight. 

AS 

Example 

An aqueous/organic solvent silicone dispersion was prepared as follows: 

There was mixed 203 grams of methyltrimethoxysilane with 1.25 grams of glacial acetic acid. There was added 
so . 41 . 5 grams of deionized water to 1 25.5 grams of Ludox AS (ammonium-stabilized colloidal silica sol, 40% Si02 having 
a silica particle diameter of about 22 millimicrons and a pH of 9.2) to reduce the SiO^ level to 30 weight percent. The 
diluted silica sol was then added to the acidified methyltrimethoxysilane with stirring. The resulting solution was then 
stirred for another 1 6-18 hours at room temperature followed by the addition of 370 grams of a 1 :1 (by weight) isopro- 
panol/n-butanol solvent blend and 36 grams of 53% solution ot 4-(gamma-(methoxy/ethoxy)silyl/propoxy]-2, hydroxy 
ss benzophenone In methanol. The mixture was then stirred for about 2 weeks at room temperature. The composition as 
formulated had 20% by weight solids, and contained 11% by weight of the UV absorber, based on calculated solids. 
The composition had a viscosity of about 5 centlstokes at room temperature. The resin was mixed with 0.2% of tetra- 
n-butyl ammonium acetate (TBAA) catalyst and 0.4% of a silicone based leveling agent. 
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Primeriess silicone hardcoat formulations were prepared by mixing the above aqueous silicone dispersion with 
several caprolactone based polyester polyols with concentrations in the range of from .5 to 5 parts of adhesion pro- 
moting polyol, 100 parts of aqueous silicone dispersion. There was employed caprolactone based polyester diols and 
trbis in the form of Tone polyols from Union Carbide Chemicals and Plastics Company. 

5 Lexan polycarbonate panels (10.16 cm x 15.24 cm x 3.18 mm) (4" x 6" x 1/8") were flow coated with the silicone 

hardcoat compositions containing the adhesion promoters. The resulting treated panels were then air dried for about 
20 minutes under ambient conditbns and then cured in an air circulated oven for 60 minutes at 130°C. Optically clear 
coatings were obtained having a thickness of 4 to 6 |im (microns). 

The resulting silicone hardcoat-polycarbonate composites were then evaluated for scribed or Crosshatch adhesion 

^o failure, crazing, and microcracking after water immersion from 1 to more than 30 days at 65°C. A cross cut pattern of 
100 imm squares were scribed onto the treated hardcoat surface. Tape adhesion was checked with a 3M-610 tape 
according to ASTM 03359-63. The coated samples were immersed in a hot water bath at 65'C and checked period- 
ically Complete or partial removal of coating along the scribed edges or any 1 mm size square is considered a failure. 
The following results were obtained where "PhR" means parts per 100 parts of resin solids: 

IS 



Table 2 



Water Immersion Test at 65°C Cross-Hatch Adhesion^ Evaluation 


Potycaprolactone Polyol Adhesion Promoter 


Amount, PhR 


Cross-Hatch Adhesion 








Failure Time, No. of Days 


(1) 


Tone 0200. diol 


2.5 


6 




M.W.530. OH-No2.2l2 


5 


>30 . 


(2) 


Tone 0301 . Iriol 


2.5 


6 




M.W.300.OH-NO.560 


5 


11 


(3) 


Tone 0310, triol 


2.5 


11 




M.W.900,OH-No.1B7 


5 


>30 


(4) 


None, control 




0, failed initial adhesion 



(1 ) Oross out pattern of 100 squares oflmmximm size. Tape adhesion chedced with a 3M-61 0 tape according to ASTM 03369-63. Removal of 
any square partially or otherwise considered a faSure. 



(2) Defined as mg.KOH/g. supplied by Union Carbide Chemicais and Plastics Company, Inc., Bulletin F-49S93B, Tone polyols for high performance 
coatings, adhestves end elastomers. Diols Tone 0230 (OI-I-NO.90) and Tome 02G0 (M.W. 3000, OM-No.37} were insoluble in the aqueous silicone 
dispersion. 

As shown in Table 2. the polycaprolactone diol and triols significantly improve the adhesion even after exposure 
to water at 65''C for 30 days. The effective concentration and molecular weight is also shown. In addition to no adhesion 
failure after 30 days in water immersion at 65*C. The polycaprolactone triol adhesion promoter at 3.7 wt% in the 
aqueous silicone dispersion and 0.1% TBAA catalyst showed no adhesion failure after 2100 hours of exposure in a 
QUV accelerated weatherometer where the coating was subjected to moisure, ultravblet light and thermal cycling. A 
coating containing 37% polycaprolactone triol, 0.1% TBAA condensation catalyst and 1% hexamethoxymethylme la- 
mine resin (Cymet 303, American Cyanamid Co.) showed no adhesion loss after 30 days of water immersion at 65°C. 

Although the above example is directed to only a few of the very many variables which can be used in making the 
primeriess silicone hardcoat compositions of the present invention, there is provided by the present invention, a much 
broader variety of primeriess silicone hardcoat compositions as shown in the description preceding this example. 

Claims 

"1, A heat curable primeriess silicone hardcoat composition comprising by weight. 

(A) 100 parts of an aqueous/organic solvent dispersion having 10-50% by weight of solids and consisting 
essentially of 10-70% by weight of colloidal silica and 30-90% by weight of a partial condensate of an orga- 
noalkoxysilane, and 

(B) 1 to 10 parts of an adhesion promoter consisting essentially of a caprolactone based polyester polyol. 
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Z A heat curable primerless silicone hardcoat composition in accordance with claim 1 , where the organoalkoxysilane 
is methyrtrimethoxysilane. 

3. A heat curable primerless silicone hardcoat composition in accordance with claim 1 . where the adhesion promoter 
is a polycaprolactone dioK 

4. A heat curable primerless silicone hardcoat composition in accordance with claim 1 , where the adhesion promoter 
is a polycaprolactone triol. 

5. A composite of a thermoplastic sheet having a cured coating resulting from the thermal cure of a heat curable 
primerless silicone hardcoat composition comprising by weight. 

(A) 100 parts of an aqueous/organic solvent dispersion having 10-50% by weight of solids and consisting 
essentially of 10-70% by weight of colloidal silica and 30-90% by weight of a partial condensate of an orga- 
noalkoxysilane, and 

(B) 1 to 10 parts of an adhesion promoter consisting essentially of a caprolactone based polyester potyol. 

6. A composite in accordance with claim 5, where the thermoplastic sheet is a polycarbonate. 



Patentanspruche 

1 . Hitzehartbare, grundierungsfreie Silicon-Hartuberzugs-Zusammensetzung, umfassend. bezogen auf das Gewicht: 

(A) 100 Teile einer wasserig/organischen Losungsmittel-Dispersion mit 10-50 Gew.-% Feststoffen und beste- 
hend im wesentlichen aus 10-70 Gew,-% kolloidalem Siliciumdioxid und 30-90 Gew.-% eines Teilkondensats 
eines Organoalkoxysilans und 

(B) 1 bis 10 Teile eines Adhasions-Forderers, bestehend im wesentlichen aus einem Polyesterpolyol auf Ca- 
prolactonbasis. 

2. Hitzehartbare, grundierungsfreie Silicon-Hartuberzugs-Zusammensetzung gema(3 Anspruch 1 , worin das Orga- 
noalkoxysilan Methyttrimethoxysilan ist. 

3. Hitzehartbare, grundierungsfreie Silicon-HartOberzugs-Zusammensetzung gema3 Anspruch 1 , worin der Adhasi- 
ons-Forderer Polycaprolactondiol ist. 

4. Hitzehartbare, grundierungsfreie Silicon-Hartuberzugs-Zusammensetzung gemaB Anspruch 1 , worin der Adhasi- 
ons-F6rderer Polycaprolactontriol ist. 

5. Verbundmateriai aus einer thermoplastischen Folie mit einem geharteten Oberzug, der aus der Warmehartung 
einer hitzehartbaren, grundierungsfreien Stiicon-Hartuberzugs-Zusammensetzung resultiert, die, bezogen auf das 
Gewicht, umfa(3t 

(A) 100 Teile einer wasserig/organischen Losungsmittel-Dispersion mit 10-50 Gew.-% Feststoffen und beste- 
hend im wesentlichen aus 10-70 Gew.-% kolloidalem Siliciumdioxid und 30-90 Gew.-% eines Teilkondensats 
eines Organoalkoxysilans und 

(B) 1 bis 10 Teile eines Adhasions-Forderers, bestehend im wesentlichen aus einem Polyesterpolyol auf Ca- 
prolactonbasis. 

6. Verbundmateriai nach Anspruch 5, worin die thermoplastische Folie ein Polycarbonat ist. 



Revendications 

1, Composition k base de silicone, durcissable par la chaleur, pour rev§tement dur sans couchs primaire, qui com- 
prend en poids : 

(A) 1 00 parties d*une dispersion dans un m6lange d'eau et de solvant organique, contenant 10 6 50% en poids 
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de mati^res solides et constituee essentiellement de 10 ^ 70% en poids de silice colloidale et 30 d 90% en 
poids d'un produit de condensation partielle d'un organoalcoxysilane, el 

(B) 1 ^10 parties d'un agent favorisant Tadhdrence. cx)nstitue essentiellement d*un polyesler-polyol ^ base 
de caprolactone. 

5 

2. Composition k base de silicone, durcissable par ia chaleur, pour revStement dur sans couche primaire, selon la 
revendicatton 1, pour taquelle rorganoalcoxysilane est le rndthyttrirndthoxysilane. 

3. Composition k base de silicone, durcissable par la chaleur, pour revgtement dur sans couche primaire. selon la 
TO revendication 1, dans laquelle I'agent favorisant radh6rence est un polycaprolactone-diol. 

4. Composition k base de silicone, durcissable par la chaleur, pour rev3tement dur sans couche primaire, selon la 
revendication 1 . dans laquelle I'agent favorisant t'adh6rence est un polycaprolactone-triol. 

'5 5. Composite constitue d'une feuille thermoplastique portant un revelement durci, resultant du durcissement par la 
chaleur d'une composition k base de silicone, durcissable par la chaleur. pour rev§tement dur sans couche pri- 
maire, qui comprend en poids : 

(A) 1 00 parties d'une dispersion dans un m6lange d'eau et de solvant organique, contenant 10^ 50% en poids 
20 de mati6res soiides, et constitu6e essentiellement de 10 6 70% en poids de silice colloidale et 30 k 90% en 

poids d'un produit de condensation partielle d'un organoalcoxysilane, et 

(B) 1 ^10 parties d'un agent favorisant I'adh^rence, constitud essentiellement d'un polyester-polyol k base 
de caprolactone. 

25 6. Composite selon la revendication 5, dans lequel la feuille thermoplastique est une teullle de polycarbonate. 
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